In this paper, we estimate the effect of foreign direct investment (FDI) on total factor productivity (TFP) in Russian regions, paying special attention to the country's investment boom and the remarkable regional gaps in terms of cumulative direct investments in and after 2003. We also examine possible synergistic effects between FDI and local R&D potential to test the absorptive capacity hypothesis. Our estimation results strongly suggest the remarkable role of FDI in the regional economic development in Russia. In addition, we found that the positive effect of FDI on TFP may increase in the regions that received larger amounts of foreign capital.
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Introduction
In 2012, a series of important events took place in Russia that highlighted the country's integration with the global economy. First, Russia officially joined the World Trade Organization (WTO) in August. It took the country more than 18 years to achieve this national goal; the Russian federal government applied to join the General Agreement on Tariffs and Trade (GATT), the predecessor of the WTO, in 1993. Second, Russia hosted a summit meeting of the AsiaPacific Economic Cooperation (APEC) in Vladivostok in September for the first time. The summit meeting culminated in a declaration by the leaders outlining the agreements, which included the liberalization of trade investment and regional economic integration, the establishment of a reliable supply chain, as well as close cooperation so as to achieve innovative growth. It is widely believed that capital investments by foreign investors and multinational enterprises bring positive economic effects to recipient countries in various ways. For this reason, policymakers of post-communist states and developing countries that face a lack of capital or technological expertise proactively invite foreign direct investment (FDI) and direct efforts to develop their countries on the basis of FDI. The actions of these countries have stimulated in economists a keen interest in conducting research into how and to what extent FDI impacts the economies of the recipient countries, and they are conducting a variety of empirical analyses to determine the mechanisms involved. It is not too much to say that the accumulated volume and scope of this kind of research is now quite large. However, work on post-communist transition economies accounts for a very small proportion of earlier studies, and the majority of these focus on some Central and Eastern European (CEE) countries that joined the European Union (EU), with only a minority of studies focusing on Russia and the other countries of the former Soviet Union (FSU) (Iwasaki and Tokunaga, 2014) .
Meanwhile, Russia, as one of the five large and fast-growing economies of BRICS, sees its economy growing and its private consumption booming in tandem with an increase in national income. In fact, the Russian economy reported an average annual growth of 6.9% for the ten years ending in 2009 after the country resolved its domestic financial crisis of 1998, during 1 See the website of the Ministry of Economy, Trade and Industry of Japan (http://www.meti.go.jp/policy/trade_policy/apec/ index.html).
2 which its economy was affected by the global financial crisis and temporarily slowed. As Table   1 shows, during this period, industrial production was also strong, consumer prices and the unemployment rate remained relatively stable, and, moreover, the country enjoyed a growing trade surplus. Therefore, a strong correlation between Russia's remarkable economic development and significant FDI inflow is highly possible. We consider it very meaningful to empirically examine this point.
However, the observation period is currently far too short to examine the relationship between inward FDI and economic development in Russia by time-series analysis using national-economic level data. Therefore, in this paper, we approach this issue by empirically testing the effect of FDI on the total factor productivity (TFP) of the constituent entities of the Russian Federation. Ahrend (2005 Ahrend ( , 2008 , Brock (2005) , and Ledyaeva and Linden (2008) represent major earlier studies in this field. As we will report later, however, none has successfully verified a statistically significant effect of FDI in the Russian regions in their baseline estimations. A possible reason is that the estimation period in these previous works was limited to the early 2000s and, therefore, did not cover the large wave of FDI in 2003 and beyond.
Moreover, although several microeconomic studies, including Brown and Earle (2000) and Yudaeva et al. (2003) , verified the significant and positive effects of FDI in Russia, such a firmlevel empirical analysis has become extremely difficult due to current strong restrictions on access to the official data. In order to overcome these research shortcomings and restraints, we empirically examine the effect of FDI on TFP by using unique panel data of 71 Russian regions, paying special attention to the investment boom in 2003 and onward, as well as to the significant 2 According to the official data published by the Russian statistical office (http://www.gks.ru/), real GDP grew by 4.3% in 2011 and by 3.4% in 2012, recording a similar level in 2010. However, the real GDP growth rate fell to 1.3% in 2013, indicating a sharp decline in the country's sustained economic growth. In addition, the forcible accession of the Crimean Peninsula into the Russian Federation in the wake of Ukraine's political turmoil in March 2014 and the subsequent ongoing political conflict between the two nations have substantially worsened relations between Russia and major developed countries as well, which is highly likely to cause the growth rate of the Russian economy to deteriorate. 3 In fact, data published by the United Nations Conference on Trade and Development (UNCTAD) (http://unctadstat.unctad.org/) show that the cumulative gross direct investment in Russia from 1989-2009 was 23.57 billion USD higher than the amount received by Poland, which was ranked second among the 28 CEE and FSU countries.
3 regional gap in terms of cumulative investments during the same period.
Here, we also attempt to estimate the synergistic effect between FDI and local R&D potential to test the absorptive capacity hypothesis in the context of the Russian regions. Lapan and Bardhan (1973) advanced the absorptive capacity hypothesis, which theoretically formulated the proposition that companies need to have a certain level of absorptive capability to benefit from a new technology developed by another company. This theory was further advocated by Borensztein et al. (1998) , who applied the above proposition to the relationship between FDI and economic growth in a recipient country and concluded that there absolutely must be human capital capable of acquiring and applying advanced technologies in order to enable FDI to bring about higher productivity in the host economy. It is worthwhile to examine whether the absorptive capacity hypothesis is valid in Russia, which boasts excellent human capital even by international standards, although the country has fallen behind advanced economies in terms of production technologies. To the best of our knowledge, no study has tackled in earnest this issue in the context of the Russian regions. We will make a contribution to the literature from this viewpoint as well.
The estimation results reported in this paper strongly suggest the remarkable role of direct investment in regional economic development in Russia. In addition, we found that the positive effect of FDI on TFP may increase in the regions that received larger amounts of foreign capital.
Furthermore, we detected a surprisingly robust and positive synergistic effect between FDI and local R&D potential, indicating that the absorptive capability is essential for linking FDI and regional economic development in this country. This empirical evidence implies that the latest political collision between Russia and the international community over Ukraine may cast a shadow over Russian regional development through the significant decline of FDI inflow.
The remainder of this paper is organized as follows: In the next section, we highlight the basic trends of FDI in Russia during the period between 1995 and 2011 and review related literature to discuss issues for our empirical analysis. In Section 3, we explain our empirical methodology for verifying the TFP-enhancing effect of FDI in the Russian regions, and, then, in Section 4, we report our results. In Section 5, we test the absorptive capacity hypothesis. In Section 6, we report the statistical robustness of the estimation results. Finally, in Section 7, we summarize the major findings and conclude the paper. In other words, although Russia is now the largest recipient of FDI among the CEE and FSU countries, the amount invested is relatively small for the size of its national economy. This means that the impact of FDI on the Russian economy may be limited both at the national and regional levels, despite the investment boom in recent years.
Statistical Overview of FDI in
Third, it is evident that FDI in Russia tended to be biased toward specific industries throughout the observation period. Table 2 reports the industrial breakdown of FDI in Russia from [2004] [2005] [2006] [2007] [2008] . As shown in this table, the fuel and energy industry accounted for 33.5% of the total investment for those five years, while real estate and rental services reported 14.4%, and wholesale and retail trade plus repair services amounted to 10.8%. The combined share of these three industries totaled 58.7%. In contrast, the manufacturing industry, including all 14 subsectors, accounted for only 23.7% of the total. This does not represent a strict comparison, as the Rosstat significantly modified the country's industrial classification system in 2004 to make it more in line with international standards. However, given the fact that, during the period of 1995-2003, about 16% of the total FDI went into the fuel and energy industry, some 18% benefitted the retail and restaurant industry, and about 30% was allocated to the food and other manufacturing industries, The mean and the standard deviation of cumulative FDI are 2,049.3 million USD and 6,559.0 million USD, respectively, while the mean and the standard deviation of the cumulative investment per capita is 1,300.7 USD and 5,761.7 USD, respectively. Accordingly, the coefficient of variation becomes 3.20 for the former and 4.43 for the latter, suggesting that the difference in the total amount of FDI received by the 71 regions is much wider when the population size of each region is taken into account. Moreover, there were only 20 regions that received FDI of more than 1 billion USD, and only 15 regions reported amounts invested per capita of greater than 1,000 USD during the same period. Therefore, we presume that there was a very limited number of Russian regions in which FDI could have had a significant impact on economic development.
Meanwhile, we found a total of 11 articles that examined the effect of FDI on the Russian economy using a quantitative method. Table 4 outlines these studies. In general, most macroeconomic studies failed to detect any statistically robust and significant effect of FDI.
Moreover, most studies focusing on the Russia regions, including Ahrend (2005 ), Brock (2005 , and Ledyaeva and Linden (2008) , found a significant effect of FDI only after imposing certain restrictions on the estimation period or the regions to be analyzed. On the other hand, many microeconomic studies, represented by Brown and Earle (2000) and Yudaeva et al. (2003) , could verify the effects of foreign ownership and productivity spillovers from foreign companies to domestic firms. In recent years, however, as the Rosstat has sharply restricted access by outsiders (even for academic purposes) to individual sets of data that form the basis of the official statistics, the possibility of firm-level empirical analyses using the official data has become 6 The Russian Federation is comprised of 83 constituent entities. However, 12 remaining regions, including those politically unstable in the North Caucasus Federal District, do not appear in Table  3 , mainly due to data availability. 6 extremely limited.
Based on the FDI trends in Russia during the period from 1995-2011 and an overview of the studies described above, it may be helpful to consider the following points for empirically reexamining the impact of FDI on the Russian regions:
First, the previous literature listed in Table 4 The persistent FDI gap between the Russian regions is the second important point to be considered. As shown in Table 3 , Russia has many regions that have attracted only small amounts of foreign capital. It is unreasonable to expect these regions, such as the small autonomous republics in remote areas, to have enjoyed a sufficient macroeconomic effect from FDI to be captured by quantitative analysis. Ledyaeva and Linden (2008) successfully estimated a statistically significant FDI effect by dividing the regions into high-income and low-income groups. It may be an effective empirical strategy to examine the influence of the regional investment gap on the marginal effect of FDI by classifying the regions to be analyzed in terms of the total amount of actual investment or by another method.
In the following sections, we conduct an empirical analysis of FDI's effect on regional TFP, taking into account the two points described above.
Empirical Methodology
In accordance with the first issue discussed in the previous section, we estimated a regionallevel production function using long-term panel data that cover the period of the investment boom in and after 2003. In response to the second issue, we also performed an estimation of an extended model designed to examine the possible influence of the regional investment gap on the effect of FDI, in addition to the baseline estimation.
More specifically, we conducted a panel data estimation of a Cobb-Douglas production function, taking the real gross regional product (GRP) of the i-th Russian region in the year t as 7 a dependent variable:
where A represents TFP, K and L denote inputs of capital and labor, while α and β are their output elasticities. By taking the logarithms of both sides and adding a disturbance term into the righthand side, we transform Equation (1) into the following linear model:
where , and is a disturbance term. We assume that the first term on the right-hand side of Equation (2) is a function of FDI and other various factors that affect TFP of the Russian regions.
While the primary focus of our empirical analysis is the effect of FDI on regional TFP, the direction and extent to which foreign capital affects the productivity of the recipient regions are not theoretically clear. In fact, according to the endogenous growth theory, FDI directly and indirectly affects TFP in a recipient region as long as it brings improvements in technology systems and/or human capital to the region through the contributions of foreign participation in management, the establishment of local subsidiaries by multinational enterprises, the outsourcing of contracts between local and foreign firms, and so forth (Grossman and Helpman, 1991; Markusen and Venables, 1999; Iwasaki et al., 2012) . Meanwhile, market-seeking FDI may hamper the growth of productivity in a host region due to its crowding-out effects through fierce competition between foreign and domestic firms (Ponomareva, 2000; Moran, 2005) . Taking into account the weak management base and backward production technology of former socialist enterprises as compared with multinational corporations based in developed economies, it is highly likely that such negative external effects have taken place in Russia (Iwasaki and Tokunaga, 2014) . In summary, as Castellani and Pieri (2011) argue, the effect of FDI and the entry of foreign multinationals on aggregate productivity in the host economy largely depend on the balance between the positive pecuniary and technological externalities and the sterling's negative effect on business. The impact of FDI is also affected by the type of activities that foreign companies transfer into the host economy. Therefore, it is possible that FDI works as a detrimental factor against aggregate productivity dynamics. In addition, theoretical consideration regarding the time-lag effect and the accumulation effect of direct investments is also insufficient.
For this reason, researchers have attempted to examine the effect of FDI on the recipient economies using a variety of FDI variables (Iwasaki and Tokunaga, 2014) . Following the empirical strategy adopted in the previous literature, we also estimate a total of five types of FDI 8 variables. They consist of (1) the natural logarithm of annual direct investments (lnFDIANN),
(2) the natural logarithm of the three-year moving average of annual direct investments (lnFDI3AVE), (3) the natural logarithm of annual direct investments per capita (lnFDIPC), (4) the natural logarithm of cumulative direct investments (lnCUMFDI), and (5) (2011), we have adopted predetermined variables reported for the previous year for all of the FDI variables, taking into consideration the possibility that foreign investment activities affect the production activities of the recipient regions with at least a one-year lag. Needless to say, the use of predetermined variables is effective for avoiding or mitigating the endogeneity bias between GRP and FDI.
We employed the following 10 variables as control variables to be simultaneously estimated with the FDI variables above: (1) the ratio of former state-owned (ex-municipal) privatized companies to the total number of companies (PRICOM), (2) the natural logarithm of the number of fixed telephones per thousand people (lnTELEPHONE), (3) a dummy for large cities and areas adjacent to a large city (BIGCITY), (4) a dummy for regions with a large-scale port (BIGPORT), (5) a dummy for regions bordering Europe (EUROPE), (6) a dummy for the Pacific coastal regions (PACIFIC), (7) a dummy for resource-rich regions (RESOURCE), (8) the natural logarithm of the latest production technologies utilized (lnNEWTECH), (9) the natural logarithm of total fixed capital (lnFIXCAP), and (10) the natural logarithm of the annual average number of workers (lnLABOR).
PRICOM is used as a proxy for the progress in economic liberalization, while lnTELEPHONE is utilized to express the prevalence of the communication infrastructure.
BIGCITY is designed to capture the concentration effects of a large city and its spillover effects on the surrounding areas. BIGPORT is introduced to estimate the effects of trading activities with foreign countries on a region with large-scale port facilities. EUROPE and PACIFIC represent the geographical proximity to foreign markets. RESOURCE is employed to examine the effects of abundant natural resources on the development of a regional economy.
lnNEWTECH is adopted to capture the effects of local R&D activity on promoting regional productivity.
regional-level TFP. The remaining, lnFIXCAP and lnLABOR, are proxy variables for capital and labor inputs, respectively. We predict that these controlling factors are positively correlated with the dependent variable together with the FDI variables.
8 Table 5 provides more detailed definitions, described statistics, and a correlation matrix of the variables used for the panel data estimation. The dependent variable of lnGRP and other continuing variables are derived from the official statistics released by the Rosstat, while we set dummy variables based on materials available on the Internet. As this table shows, all of the correlation coefficients of the independent variables that were simultaneously estimated are below 0.70, the threshold of possible multicollinearity (Lind et al., 2004) .
The panel regression equation, in which the individual effects of the i-th region and the time fixed effect of year t are also controlled together with the independent variables listed in Table   5 , is formulated as follows:
where μ is the constant term, β is a parameter to be estimated, denotes the individual effect on the Russian regions, and represents the time fixed effect.
To estimate Equation (3), we used panel data of the 71 Russian regions for the period from 1996-2011. The breakdown of these 71 regions is consistent with Table 3 . Since some independent variables are constant during the observation period, we utilized a pooled OLS estimator or a random-effects estimator to obtain estimates for these time-invariant variables.
We selected one of these two estimators for our estimation in accordance with the BreuschPagan test of the null hypothesis that the variance of the individual effects is zero. We set the critical value for this specification test at a 5% significance level.
Although our basic empirical strategy is described above, following Castellani and Pieri by a computer. The raw data are collected for all but small business enterprises through an enterprise questionnaire survey. The variate does not mean the total sum of employed machines and equipment but the number of realized technological systems as a whole. This variable comes much closer to the real circumstances of the production sites in Russian firms than do alternative R&D-related variables, thus, suiting well the purpose of our research.
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In selecting our independent variables, we referred to Popov (2001 ), Piliasov (2003 , Solanko (2003) , Benini and Czyzewski (2007) , Brock (2009 ), Bajo-Rubio et al. (2010 , Kirillova and Kantor (2011) , Ledyaeva et al. (2012) , and Kuzmina et al. (2014) , in addition to the previous studies listed in Table 4 .
(2011), Gries and Redlin (2011) , and Jiang (2012), we also estimated a system generalized method-of-moments (GMM) dynamic model that adopts a non-lagged FDI variable and explicitly deal with its endogeneity with the dependent variable lnGRP in order to check the statistical robustness of the FDI variables. With regard to the system GMM dynamic models, we cannot conduct the Sargan test of overidentifying restrictions with robust standard errors. However, according to the test results that use estimates with normal standard errors, the null hypothesis that overidentifying restrictions are valid is accepted for all models [6] to [10] . In addition, the Arellano-Bond test for AR(2) also accepts the null hypothesis of no autocorrelation for all five models.
10 Consistent with our prediction described in Section 2, it is likely that the role of foreign capital in the Russian economy increased greatly throughout the period in and after 2003 when FDI grew sharply. In fact, as the random-effects models in Table 6 show, unlike most of the earlier studies, which do not cover this investment boom in their observation periods, the threeyear moving average of annual direct investments (lnFDI3AVE), the cumulative direct investments (lnCUMFDI), and the cumulative direct investments per capita (lnCUMFDIPC) are estimated to be positive and statistically significant; furthermore, the significance level of the latter two variables reached 1%, implying an extremely strong correlation with the dependent variable. These results underline the considerable importance of FDI as a determining factor for the economic development of the Russian regions.
On the other hand, although the regression coefficient of annual direct investments (lnFDIANN) and annual direct investments per capita (lnFDIPC) also show positive signs, along 9
To estimate the system GMM dynamic model, we assumed a two-year lag structure of the FDI variable.
with the above three variables, their statistical significance is below the 10% level. This implies that the input of direct capital from various foreign countries contributes to the Russian regions, not as much in short-term as through long-term and cumulative improvements in TFP. The system GMM dynamic models, however, show significant and positive coefficients of lnFDIANN and lnFDIPC together with lnCUMFDI and lnCUMFDIPC. Although these results strongly suggest the presence of the accumulation effect of foreign capital inflow on TFP in
Russian regions, they do not enable us to evaluate the time-lag effect of FDI.
Among the control variables, RESOURCE, which represents the natural resource abundance, shows a robust and positive effect on regional TFP, along with lnFIXCAP and lnLABOR, in line with our predictions. Both EUROPE and PACFIC, the dummy variables for regions bordering
Europe and for Pacific coastal regions, respectively, show significant and positive estimates in
. However, given that the coefficient and the statistical significance of the latter greatly exceed those of the former, the economic significance of the proximity to foreign markets is likely to differ sharply between Russian regions bordering Europe and Asia. The fact that the federal government has increased interest in forging economic ties with high-growth Asian economies to shore up the Far East region in recent years is not without reason, from this perspective.
PRICOM, the ratio of former state-owned (ex-municipal) privatized companies to all of the companies, and lnTELEPHONE, the number of fixed telephones per thousand people, are estimated with a positive sign in all of the models; however, their statistical significances are below the 10% level, except for the latter variable in Model [6] . Moreover, the estimates of BIGCITY and BIGPORT are also insignificant, indicating that the geographical factors of being a large city or a port region are actually not important factors for the productivity increase in the Russian regions. lnNEWTECH also shows insignificant estimates, implying that local R&D activity itself is not bringing remarkable improvements to TFP in the regional economy. These results strongly suggest that a series of policy issues, including overcoming regional fragmentation through deepening economic ties between large cities and their surrounding regions, revitalizing port regions by promoting foreign trade, and improving the efficiency of domestic R&D activities, are far from complete.
In Table 7 , we examine the relationship between the investment gaps among Russian regions Table 6 , and, although the coefficient of lnFDI3AVE in the random-effects model and lnCUMFDIPC in the system GMM dynamic model remained positive, their statistical significance levels fall to more than 10%. These results suggest that the effects of FDI on regional TFP are not necessarily limited to the regions that have attracted relatively large amounts of foreign capital. As indicated in Panels (b) and (c) of Table 7 , however, the interaction terms of an FDI variable and the dummy variable for the top 35 regions as well as the squared terms of an FDI variable are estimated to be significant and positive in 14 of the 20 models.
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This finding entails the possibility of a mild non-linear correlation between the size of FDI and its TFP enhancing effect in the Russian regions.
Examination of the Absorptive Capacity Hypothesis
In order to enable FDI to enhance productivity in the host economy, advanced knowledge and technology that will be introduced from abroad in the wake of a capital investment must be actually applied to management practices as well as production activities on site. In this case, refinements and changes are often required in response to local-specific circumstances and/or conditions; hence, these requirements demand at least a certain level of comprehension and applied skill on the part of economic entities in the recipient country. The case is much more relevant to domestic firms that strive to improve their productivity by observing and following foreign companies (Iwasaki et al., 2012) . In sum, the feasibility of technology transfer from FDI is positively correlated with the absorptive capability of the host economy (Girma, 2005) .
The above paragraph describes the basic idea of the absorptive capacity hypothesis that we mentioned in the Introduction. There seems to be little room for any counterargument.
Nevertheless, not all preceding studies have presented evidence that supports this hypothesis (Crespo and Fontoura, 2007) . In addition, several studies of the CEE economies have examined the relationship between the productivity-enhancing effect of FDI and the absorptive capability of the recipient country, and their empirical results are far from consistent (Campos and Kinoshita, 2002; Altomonte and Pennings, 2009; Bijsterbosch and Kolasa, 2010; Nicolini and Resmini, 2010; Damijan et al., 2013; Neycheva, 2013) . Moreover, with regard to Russia, as mentioned in Table 4 , Brock (2005) has estimated the interaction term of the percentage of change in the cumulative amount of FDI to GRP relative to the prior year and the number of secondary school students per 10,000 residents in order to test a possible synergistic effect between FDI and human capital. However, his empirical results have failed to support the absorptive capacity hypothesis, as the regression coefficients are insignificant in the baseline 11 Although the estimates of the control variables are not reported in Table 7 , they are not so different from those in the baseline estimation.
13 estimation, and they are rather significant and negative in the subsample estimation, using the observations of corrupted regions.
As shown above, with regard to the validity of the absorptive capacity hypothesis, the conclusions obtained from earlier studies are mixed. One reason is that these empirical results largely depend on the method of measuring the absorptive capability of the host economy (Liu and Nishijima, 2013) . From this viewpoint, Todo and Miyamoto (2006) , Fu (2008) , Lööf (2009), and Huang et al. (2012) , all of which have stressed the role of R&D activities as an intermediate factor of technology transfer, are noteworthy. Therefore, in this paper, we will use R&D potential as a proxy for the absorptive capability of Russia instead of the average education level in the recipient country, which has been adopted by many preceding studies on developing economies, in order to reexamine the absorption capacity hypothesis in the case of the Russian regions. As is well known, Russia experienced considerable downsizing of R&D activities due to economic stagnation and other difficulties during its transition period. Nevertheless, this country still maintains one of the world's largest groups of R&D experts as well as enormous R&D facilities inherited from the Soviet Union. The problem is that such a large scale of R&D capital has not necessarily been utilized by the private business sector in an effective manner (Algieri, 2006; Yegorov, 2009; Gutierrez and Correa, 2012) . This notion is also consistent with the empirical results we reported in the previous section, which show insignificant estimates of the natural logarithm of the latest production technologies utilized (lnNEWTECH).
If these domestically excessive R&D facilities and related human resources are effectively combined with the advanced knowledge and technology introduced by foreign capital, FDI might be capable of enhancing productivity in the relevant recipient regions without causing fierce competition with local firms. Moreover, as mentioned below, Russia's R&D potential is far from being geographically homogeneous; rather, there is uneven distribution among the regions. This fact infers that the feasibility of linking FDI and R&D potential may differ substantially between the regions; thus, this factor is likely to have a certain effect on regional TFP. This is why we have focused on local R&D potential to examine the absorptive capacity hypothesis in the context of the Russian economy.
As is the case with domestic firms, it is obviously true that foreign companies have insufficient connections with the local R&D sector (Dyker, 2004) . However, this does not mean that FDI has no tendency to move to local regions with high R&D potential. As seen from Panel Table 8 , the negative direct effect of FDI and the positive synergistic effect between FDI and local R&D potential offset each other, and, hence, the total effect of FDI becomes zero in a region where the number of the latest production technologies utilized is only 56.5. Table 9 shows that, in 2011, the Republic of Tuva is the sole region under this threshold and, accordingly, the rest of the 70 regions enjoy a positive FDI effect on TFP in the net term. Based upon this result, we surmise that direct investment from foreign economies positively influences productivity in almost all of the Russian regions.
In order to check the statistical robustness of the synergistic effect between FDI and local R&D potential, we also performed another set of estimations, using alternatives to the lnNEWTECH variable as presented in Figure 1 . The results, shown in In addition to the FDI variable, the lnNEWTECH variable is estimated to be negative and significant in six out of ten models. We conjecture that, in Russia, R&D facilities and the related human resources are more likely to become burdens on the regional economies unless they are effectively connected to the business activities of foreign companies.
interaction term of the FDI variable and each of the three kinds of R&D variables show positive and significant coefficients in 24 of the 30 models, suggesting that the combination of FDI and R&D capital has a very powerful synergistic effect on regional TFP. To summarize, the empirical results in this section strongly support the validity of the absorption capacity hypothesis in the Russian regions.
Additional Robustness Check
In the previous two sections, we have consistently exhibited the estimation results of the random-effects model according to the basic empirical strategy described in Section 3. In this regard, we report that the Hausman test accepts the null hypothesis of the random-effects assumption in most cases; additionally, in a few cases when the Hausman test rejected the null hypothesis, we performed a fixed-effects estimation and compared its result with the randomeffects estimation and did not find any significant differences between the two. As another robustness check, we also conducted estimation of a first-difference model, a population-average model, and a between-effects model and found no noteworthy differences from the randomeffects models and/or the system GMM dynamic models reported in Tables 6, 7 , 8, and 10.
These findings lead us to the conclusion that the empirical results in this paper are robust across the various specifications.
Conclusions
As illustrated by Russia's accession to the WTO in August of 2012 after more than 18 years of long negotiations and a series of other policy events in recent years, the country has been steadily bolstering its economic ties with the international community. As reported in Table 1 , direct investments from abroad into Russia increased remarkably in and after 2003, fully demonstrating its power as an emerging market.
Now that Russia is becoming dynamically integrated into the global economy, the role foreign capital plays in developing the Russian economy is certainly attracting interest among policymakers and economists. This is because, as pointed out in Section 2, there is still ample room for Russia to attract more FDI and for multinational enterprises to establish their bases in this country, given the size of its national economy, although Russia is already the largest recipient of FDI among the CEE and FSU countries. The number of empirical studies regarding Russia's economic development in relation to FDI is currently very limited, and most macroeconomic and regional-level studies have failed to find the positive relation between these two elements. In this paper, we have attempted to re-examine the TFP-enhancing effect of FDI in the Russian regions by conducting a unique panel data analysis.
More specifically, we estimated the Cobb-Douglas production function that takes real GRP as a dependent variable, using panel data covering a total of 71 regions for the period of 1996-2011. As a result, we found a close relationship between FDI and regional TFP in Russia. In fact, according to our baseline estimation, three out of the five FDI variables in the random-effects estimation and four in the system GMM estimation show statistically significant and positive coefficients ( Table 6 ). In particular, the cumulative direct investment (lnCUMFDI) variable is repeatedly estimated to be significant and positive, even when the observations are limited to the top 35 regions in terms of cumulative FDI per capita from 2003-2011 (Panel (a) of Table 7 ).
These results strongly suggest the long-term and cumulative impact of FDI on TFP in the recipient regions. Considering that the previous regional-level studies, including Ahrend (2005 Ahrend ( , 2008 , Brock (2005) , and Ledyaeva and Linden (2008) , were not successful in detecting a statistically significant effect of FDI in their baseline estimations, we think that it is a useful empirical strategy to extend the observation period more broadly to include the years after 2003 from the viewpoint of increasing the amount of information and our arguments as described in Section 2.
In this paper, we also examined the absorption capacity hypothesis. As shown in Tables 8 and 10, with regard to the interaction term of the FDI variable and a proxy variable for local R&D potential, as many as 34 cases out of 40 different combinations have repeatedly shown positive and significant coefficients. These surprisingly robust estimates strongly demonstrate the validity of the absorption capacity hypothesis in the Russian regions. Based on these findings, we maintain that the enhancement of collaboration between foreign companies and the domestic R&D sector is an extremely important policy issue for Russia.
Moreover, our estimation results suggest that a series of geographical factors, such as the size of cities and the existence of a port region, did not provide sufficient productivity-promoting effects in the Russian regions, while geographical proximity to foreign markets and the abundance of natural resources contributed significantly to the improvement of regional productivity, in line with our predictions. In order to achieve balanced and dynamic economic development in the Russian regions, we hope that policymakers will attract FDI more proactively through further market liberalization and deregulation and promote ties between the R&D sector and foreign multinationals, while formulating and executing policy measures that will address the various economic problems implied in our empirical evidence without delay. OLS, FE Total output <In cross-section estimation> Dummy for foreign ownership (+), Sector-level spillovers from foreign investment (-); <In fixed-effects regression> In-year dummies not included: Sector-level spillovers from foreign investment (-); In-year dummies included: Sector-level spillovers for foreign investment (+), Spillovers from foreign investment at the regional level (+), Interaction term of the export dummy and the sector-level spillovers from foreign investment (-), Interaction term of the level of secondary education and the sector-level spillovers from foreign investment (+), Interaction term of the economic reform progress index and the sector-level spillovers from foreign investment (no) Bessonova et al. (2003 Bessonova et al. ( ) 1994 Bessonova et al. ( -2000 Bessonova et al. ( (early period: 1994 Bessonova et al. ( -1998 Bessonova et al. ( , late period: 1999 Bessonova et al. ( -2000 Russian companies in 83 sectors Table 4 . List of studies that examine the impact of FDI on the Russian economy Notes: a OLS, RE, FE, 2SLS, GMM, EBA, LAD, Logit, and Probit denote ordinary least squares, random-effects estimator, fixed-effects estimator, two-stage least squares estimator, generalized method of moments, extreme bounds analysis, least absolute deviation method, logit estimator, and probit estimator, respectively. b The sign "+" denotes a statistically significant and positive correlation with the dependent variable; "-" denotes a statistically significant and negative correlation with the dependent variable; and "no" denotes an insignificant estimate. i For definition and other details of the variable, see footnote 8 of this paper and Rosstat website (http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/statistics/science_and_innovations/science/#). j Unit is 1,000 people.
Source: Compiled by the author, using data from the Russian Federal State Statistics Service (Rosstat) (http://www.gks.ru/) and other geographical materials available on the Internet. e A value of 2 is given to regions with the 10 largest cities, and 1 is given to regions adjacent to a region having one of the 10 largest cities. f A value of 3 is given to regions with the largest port in the country, 2 is given to regions with a large-scale port, and 1 is given to regions with a medium-scale port. The total score for each region is calculated by adding them up.
h Based on a cluster analysis of the outputs of mineral resources (four classifications), a value of 3 is given to the Tyumen Region; 2 is given to the Republic of Tatarstan, the Kemerovo Region, the Sakhalin Region, and the Orenburg Region; and 1 is given to the Republic of Sakha (Yakutia), the Republic of Komi, the Arkhangelsk Region, the Republic of Bashkortostan, the Perm Territory, the Samara Region, the Tomsk Region, the Krasnoyarsk Territory, and the Republic of Udmurtia. Table 5 for the definitions and descriptive statistics of the variables used in the estimation.
Note:
a The dependent variables of all models are the natural logarithm of the real gross regional product ( lnGRP ). Figures in parentheses beneath regression coefficients are robust standard errors. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Table 5 for the definitions and descriptive statistics of the variables used in the estimation.
All 71 regions
Note:
a The dependent variables of all models are the natural logarithm of the real gross regional product (lnGRP ). The estimation results of control variables are not reported. Their composition is the same as that of the baseline estimation; the individual effects of regions and the time fixed effects are also controlled. Figures in parentheses beneath regression coefficients are robust standard errors. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Table 5 for the definitions and descriptive statistics of the variables used in the estimation.
1996-2011
Note:
a The dependent variables of all models are the natural logarithm of the real gross regional product ( lnGRP ). Figures in parentheses beneath regression coefficients are robust standard errors. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. b Predictions based on the result of the random-effects model [5] in Table 8 Source: Authors' computation Table 9 . The effect of FDI on regional total factor productivity in 2011: Predicted (c) Estimation using the natural logarithm of the number of higher education school students per 10,000 residents (lnSTUDENT ) as the R&D variable (Continued in 
All 71 regions
